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1
APPARATUS AND METHOD FOR
DISPLAYING OBJECTS

TECHNICAL FIELD

The present invention relates to an object display device, an
object display method, and an object display program.

BACKGROUND ART

Inrecentyears, services based on AR (Augmented Reality)
technology have been developed and provided. For example,
a technique is known in which an object arranged around the
location of a mobile terminal is acquired, and the object
including a variety of information and images is overlaid and
displayed on an image in real space acquired by a camera
provided to the mobile terminal. Another technique is also
known in which a predetermined marker is detected from an
image inreal space acquired by a camera in a mobile terminal,
and an object associated with the marker is overlaid on the
image in real space and displayed on a display. In addition, a
technique for correcting the color tone of an object based on
the color tone of a marker arranged in real space is known as
a technique for considering the color tone of an object in an
image in real space when the object is overlaid on the image
in real space (see, for example, Patent Literature 1).

CITATION LIST
Patent Literature

[Patent Literature 1] Japanese Patent Application Laid-Open
Publication No. 2010-170316

SUMMARY OF INVENTION
Technical Problem

In order to reduce a sense of incongruity about an object in
an overlaid image in which the object is overlaid on an image
in real space, a feature of the image in real space is preferably
reflected in the image of the object. The conventional tech-
nique disclosed in Patent Literature 1, however, corrects the
color tone of the object based on the color tone of a single
marker arranged in real space, so that a single limited region
in the image represents the feature of the image in real space.
Since the color tone of the marker does not always represent
the feature of the image in real space, the conventional tech-
nique as described above may not appropriately correct the
image of the object and may cause a sense of incongruity in
the overlaid image.

The present invention is made in view of the above-men-
tioned problem. An object of the present invention is to pro-
vide an object display device, an object display method, and
an object display program which can reduce a sense of incon-
gruity about an image of an object in an overlaid image in
which the object is overlaid and displayed on an image in real
space, in AR technology.

Solution to Problem

In order to solve the above-mentioned problem, an object
display device according to an embodiment of the present
invention overlays and displays an object on an image in real
space. The object display device includes image capturing
means for acquiring an image in real space, image feature
extraction means for extracting a predetermined feature about
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2

animage either in a plurality of predetermined feature regions
detected from the image in real space acquired by the image
capturing means or in the entire image in real space, image
processing means for performing correction processing on an
image of the object based on the predetermined feature
extracted by the image feature extraction means, and display
means for displaying an overlaid image in which the image of
the object subjected to correction processing by the image
processing means is overlaid on the image in real space.

In order to solve the above-mentioned problem, an object
display method according to an embodiment of the present
invention is performed in an object display device that over-
lays and displays an object on an image in real space. The
object display method includes an image capturing step of
acquiring an image in real space, an image feature extraction
step of extracting a predetermined feature about an image
either in a plurality of feature regions detected from the image
in real space acquired in the image capturing step or in the
entire image in real space, an image processing step of per-
forming correction processing on an image of the object
based on the predetermined feature extracted in the image
feature extraction step, and a display step of displaying an
overlaid image in which the image of the object subjected to
correction processing in the image processing step is overlaid
on the image in real space.

In order to solve the above-mentioned problem, an object
display program according to an embodiment of the present
invention allows a computer to function as an object display
device that overlays and displays an object on animage in real
space. The object display program allows the computer to
implement an image capturing function of acquiring an image
in real space, an image feature extraction function of extract-
ing a predetermined feature about an image either in a plu-
rality of feature regions detected from the image in real space
acquired by the image capturing function or in the entire
image inreal space, an image processing function of perform-
ing correction processing on an image of the object based on
the predetermined feature extracted by the image feature
extraction function, and a display function of displaying an
overlaid image in which the image of the object subjected to
correction processing by the image processing function is
overlaid on the image in real space.

Inthe object display device, the object display method, and
the object display program in the foregoing aspect, an image
of an object is subjected to correction processing based on a
predetermined feature about an image that is extracted from a
plurality of feature regions detected from an image in real
space or the entire image in real space, so that the feature of
the image in real space is appropriately reflected in the image
of the object. This reduces a sense of incongruity about the
image of the object in the overlaid image in which the object
is overlaid and displayed on the image in real space.

In the object display device according to another aspect,
the image feature extraction means may extract a predeter-
mined feature from the entire image in real space in the case
that the feature regions are not detected.

According to the foregoing aspect, detection of a predeter-
mined feature region is first attempted, and a feature to be
used to correct the image of the object is then extracted from
the image of the detected feature region. This facilitates
extraction of a feature to be used to correct the image of the
object. Even when a feature region is not detected, a prede-
termined feature extracted from the image in real space is
used to correct the image of the object, thereby allowing
appropriate correction of the image of the object.

The object display device according to yet another aspect
may further include feature region information storage means
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for storing feature region information at least about color
tones of the feature regions in association with the feature
regions. The image feature extraction means may extract
amounts of change in color tones of the feature regions in the
image inreal space with respect to the color tones stored in the
feature region information storage means. The image pro-
cessing means may perform correction processing on the
image of the object based on the amounts of change in the
color tones that are extracted by the image feature extraction
means.

According to the foregoing aspect, the color tone of the
image of the object is corrected based on the amounts of
change in color tones of the feature regions in the image in
real space with respect to the color tones stored in advance for
the detected feature regions. Accordingly, the color tone of
the image in real space is appropriately reflected in the image
of the object.

In the object display device according to yet another
aspect, the image processing means performs correction pro-
cessing on the image of the object in accordance with an
overlay position of the object with respect to positions of the
feature regions in the image in real space.

According to the foregoing aspect, the degree of reflection
of'the amounts of change in color tones of the feature regions
in the color tone of the object is considered in accordance with
the positional relationship between the feature regions and
the object. Accordingly, the color tone of the object is more
appropriately corrected, thereby further reducing a sense of
incongruity.

In the object display device according to yet another
aspect, the image feature extraction means may extract a
feature about a color tone of the entire image inreal space, and
the image processing means may perform correction process-
ing based on the feature about the color tone of the entire
image in real space that is extracted by the image feature
extraction means.

According to the foregoing aspect, the color tone of the
entire image in real space is reflected in the color tone of the
object, thereby reducing a sense of incongruity about the
object in the overlaid image.

In the object display device according to yet another
aspect, the image feature extraction means may extract a
feature about noise distribution in the image in real space, and
the image processing means may perform correction process-
ing based on the feature about noise distribution that is
extracted by the image feature extraction means.

In the case where the image in real space includes noise,
overlaying an image of an object without noise causes a sense
of incongruity in the overlaid image. According to the fore-
going aspect, the feature about noise distribution in the image
in real space is reflected in the image of the object, thereby
reducing a sense of incongruity in the overlaid image.

Advantageous Effects of Invention

According to an aspect of the present invention, in AR
technology, a sense of incongruity about an image of an
object canbe reduced in an overlaid image in which the object
is overlaid and displayed on an image in real space.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a functional configura-
tion of an object display device.

FIG. 2 is a hardware block diagram of the object display
device.
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FIG. 3 is a diagram showing an example of an image in real
space acquired by an image capturing unit.

FIG. 4 is a diagram showing an example of an image in real
space acquired by the image capturing unit.

FIG. 5 is a diagram showing an example of an image in real
space acquired by the image capturing unit.

FIG. 6 is a diagram showing a configuration of a feature
region information storage unit and an example of data stored
therein.

FIG. 7 is a diagram showing an example of a color tone
table for extracting the amount of change in color tone of a
feature region in a color tone change amount measuring unit.

FIG. 8 is a diagram showing a configuration of a virtual
object storage unit and an example of data stored therein.

FIG. 9 is a diagram showing an example of correction
processing on the color tone of an object based on the
amounts of change in color tone of feature regions.

FIG. 10 is a diagram showing an example of correction
processing on the color tone of an object based on the
amounts of change in color tone of feature regions.

FIG. 11 is a diagram showing an example of correction
processing on the color tone of an object based on the
amounts of change in color tone of feature regions.

FIG. 12 is a diagram showing an example of correction
processing on the color tone of an object based on the
amounts of change in color tone of feature regions.

FIG. 13 is a diagram showing an example of correction
processing based on the color tone of the entire image in real
space.

FIG. 14 is a diagram showing an example of correction
processing based on noise distribution in the entire image in
real space.

FIG. 15 is a flowchart showing processing of an object
display method.

FIG. 16 is a flowchart showing processing of the object
display method.

FIG. 17 is a flowchart showing processing of the object
display method.

FIG. 18 is a flowchart showing correction processing based
on the amount of change in color tone of a feature region.

FIG. 19 is aflowchart showing correction processing based
on a feature of the entire image in real space.

FIG. 20 is a diagram showing a configuration of an object
display program.

DESCRIPTION OF EMBODIMENTS

An embodiment of an object display device, an object
display method, and an object display program according to
the present invention will be described with reference to the
figures. It is noted that the same parts are denoted with the
same reference signs, if possible, and an overlapping descrip-
tion is omitted.

FIG. 1 is a block diagram showing a functional configura-
tion of an object display device 1. The object display device 1
in the present embodiment is a device that overlays and dis-
plays an object on an image in real space, and is, for example,
a portable terminal capable of communication via a mobile
communication network.

Services based on AR technology using devices such as
mobile terminals include the one detecting a predetermined
marker from an image in real space acquired by a camera in a
mobile terminal and overlaying an object associated with the
marker on the image in real space to display the overlaid
objecton adisplay. The marker may be a substance artificially
provided in real space in advance or may be a structure such
as a building or a signboard, or a logo mark existing in real
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space. Similar services include the one acquiring an object
arranged around the location of a mobile terminal based on
information of the position where the mobile terminal is
located, and overlaying and displaying the object associated
with the position in the image in real space acquired by a
camera provided to the mobile terminal. Both manners of
services using AR technology as described above are
assumed in the object display device 1 in the present embodi-
ment.

As shown in FIG. 1, the object display device 1 function-
ally includes an image capturing unit 11 (image capturing
means), an image feature extraction unit 12 (image feature
extraction means), a feature region information storage unit
13 (feature region information storage means), a virtual
object storage unit 17 (virtual object storage means), an
image processing unit 18 (image processing means), a display
unit 19 (display means), and a color tone data storage unit 20.
The image feature extraction unit 12 includes a feature region
sensing unit 14, a color tone change amount measuring unit
15, and an entire screen feature extraction unit 16.

FIG. 2 is a hardware configuration diagram of the object
display device 1. As shown in FIG. 2, the object display
device 1 is physically configured as a computer system
mainly including a CPU 101, a RAM 102 and a ROM 103 as
main storages, a communication module 104 that is a data
transmission/reception device, an auxiliary storage device
105 such as a hard disk or a flash memory, an input device 106
such as a keyboard as an input device, and an output device
107 such as a display. Each function shown in FIG. 1 is
implemented by reading predetermined computer software
on the hardware such as the CPU 101 and the RAM 102
shown in FIG. 2 to bring the communication module 104, the
input device 106, and the output device 107 into operation
under the control of the CPU 101, and by reading and writing
data from/into the RAM 102 or the auxiliary storage device
105. Referring to FIG. 1 again, each functional unit of the
object display device 1 will be described in details.

The image capturing unit 11 is a unit that acquires an image
in real space and includes, for example, a camera. FIG. 3 to
FIG. 5 are diagrams showing examples of an image in real
space acquired by the image capturing unit 11. The image in
real space shown in FIG. 3 includes images of a crosswalk C,
and a post P, as feature substances extracted later by the
image feature extraction unit 12. The image in real space
shown in FIG. 4 includes images of star-shaped objects S,
and S,, as feature substances extracted later by the image
feature extraction unit 12. The image in real space shown in
FIG. 5 includes images of cloud C,, and a building B,
extracted later by the image feature extraction unit 12 as
elements constituting the color tone of the entire image. The
image capturing unit 11 sends the acquired image in real
space to the image feature extraction unit 12.

The image feature extraction unit 12 is a unit that extracts
a predetermined feature about an image in a plurality of
predetermined feature regions detected from the image in real
space acquired by the image capturing unit 11 or the entire
image in real space. Each of the predetermined feature
regions is a region that is referred to in order to extract a
feature of the image in real space. The image feature extrac-
tion unit 12 includes the feature region sensing unit 14, the
color tone change amount measuring unit 15, and the entire
screen feature extraction unit 16, as functional units for
extracting a feature about an image. The feature region infor-
mation storage unit 13 is also used to extract a feature about
an image.

The feature region information storage unit 13 is a unit that
stores feature region information at least about the color tone
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6

of'a feature region in association with the feature region. The
feature region information storage unit 13 includes two
dimensional (2D) or three dimensional (3D) data represent-
ing the shape of a feature region for detecting (matching) the
feature region from an image in real space. In the present
embodiment, the feature region information storage unit 13
includes feature substance data as data representing a feature
region. FIG. 6 is a diagram showing a configuration of the
feature region information storage unit 13 and an example of
data stored therein.

As shown in FIG. 6, the feature region information storage
unit 13 stores feature substance data and data of color tone
that are associated with “No.” uniquely identifying a feature
region. The feature substance data is 2D or 3D data represent-
ing the shape of the feature substance as described above and
is used for detection (matching) of the feature substance from
the image in real space by the feature region sensing unit 14.
The data of color tone is data representing the color of the
main portion of the feature substance and is represented, for
example, in the RGB format. Referring to FIG. 6, the feature
region information storage unit 13 stores 3D data represent-
ing a post as feature substance data, and data (r;, g;, b,)
indicating the color tone of the red portion that is the main
portion of the post, in association with No. “0001”. The
feature region information storage unit 13 also stores 2D data
representing a crosswalk as feature substance data, and data
(t5, €5, b,) indicating the color tone of the white portion that
is the main portion of the crosswalk, in association with No.
“0002”. In addition, the feature region information storage
unit 13 stores 2D data representing a star-shaped object as
feature substance data, and data (r;, g;, b;) indicating the
color tone of the star-shaped object, in association with No.
“0003”.

The color tone data storage unit 20 is a unit that stores color
tone data to be used to measure the amount of change in color
tone. The color tone data storage unit 20 stores, for example,
a color tone table shown in FIG. 7. As shown in FIG. 7, the
color tone table defines a color tone by the proportion of each
tone of the R value, the G value, and the B value to the
maximum value thereof, in association with “No.” uniquely
identifying a record. The color tone change amount measur-
ing unit 15 measures the amount of change in color tone based
on the data stored in the color tone data storage unit 20. The
detailed processing by the color tone change amount measur-
ing unit 15 will be described later.

The virtual object storage unit 17 is a unit that stores virtual
object information about a virtual object in advance or tem-
porarily. In the case where the object display device 1 is a
device that displays an object associated with a marker
detected from an image in real space, the virtual object infor-
mation includes, for example, object data associated with the
marker. In the case where the object display device 1 is a
device that displays an object associated with a location in
real space, the virtual object information includes, for
example, object data associated with position information.

FIG. 8 is a diagram showing an example of the virtual
object information stored in the virtual object storage unit 17.
As shown in FIG. 8, the virtual object storage unit 17 stores
virtual object data and an overlay position that are associated
with an ID identifying a virtual object. The virtual object data
is data representing the shape and color of the virtual object.
The overlay position is data indicating the position where the
virtual object is overlaid and displayed, and represents the
absolute position in real space or the relative position to the
marker (feature substance).

The virtual object information may be stored in the virtual
object storage unit 17 in advance or may be acquired through



US 9,305,399 B2

7

predetermined communication means from a not-shown
server. In the case where the virtual object information is
acquired from the server, the virtual object information may
be provided from the server based on position information
indicating the location of the object display device 1. The
object data is, for example, image data of an object or data of
a3D object for representing the object. The position where an
object is overlaid and displayed in an image in real space is
defined, for example, by position information associated with
the object data in the virtual object information or the relative
position to the marker in the image in real space.

The image processing unit 18 is a unit that generates an
overlaid image by acquiring a virtual object from the virtual
object storage unit 17 and overlaying the acquired virtual
object on the image in real space acquired by the image
capturing unit 11. The overlay position of the virtual object in
the overlaid image is decided, for example, based on the
position information associated with the virtual object or the
relative position of the marker in the image in real space. The
image processing unit 18 sends the generated overlaid image
to the display unit 19.

In addition, the image processing unit 18 performs correc-
tion processing on the image of the object based on a prede-
termined feature about the image in real space that is
extracted by the image feature extraction unit 12. The specific
processing will be described in details later.

The display unit 19 is a unit that displays the overlaid
image generated and sent by the image processing unit 18 and
includes, for example, a device such as a display. The overlaid
image is an image in which the image of the object corrected
by the image processing unit 18 is overlaid on the image in
real space. The detailed functions of the image feature extrac-
tion unit 12 and the image processing unit 18 are described
below.

The feature region sensing unit 14 is a unit that detects a
predetermined feature region from the image in real space
acquired by the image capturing unit 11. Specifically, the
feature region sensing unit 14 extracts a feature substance
from the image in real space by searching the image in real
space based on the feature substance data stored in the feature
region information storage unit 13.

Taking the image in real space shown in FIG. 3 as an
example, the feature region sensing unit 14 searches the
image in real space based on the feature substance data stored
in the feature region information storage unit 13 shown in
FIG. 6. The feature region sensing unit 14 then extracts the
post P, and the crosswalk C, corresponding to the feature
substances shown by No. “0001” and No. “0002”, respec-
tively. When searching the image in real space shown in FI1G.
4, the feature region sensing unit 14 extracts the star-shaped
objects corresponding to the feature substance shown by No.
“0003”. The region in which a feature substance is repre-
sented in an image in real space forms a feature region. If a
feature substance is extracted, the feature region sensing unit
14 acquires information (for example, coordinates in the
image in real space) representing the position of the feature
substance in the image in real space and sends the acquired
information to the color tone change amount measuring unit
15. If a feature substance fails to be extracted, the feature
region sensing unit 14 may give a notification to that effect to
the entire screen feature extraction unit 16. The function of
the entire screen feature extraction unit 16 will be described
later.

The color tone change amount measuring unit 15 is a unit
that extracts the amount of change in color tone for the feature
substance extracted by the feature region sensing unit 14 with
respect to the feature substance stored in the feature region
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information storage unit 13. Specifically, for example, in the
case where the color tone of the feature substance is repre-
sented in the RGB format, the color tone change amount
measuring unit 15 calculates the respective differences (the
amount of change in color tone of the feature substance)
between the R value, the G value, and the B value of the
feature substance stored in the feature region information
storage unit 13, and the R value, the G value, and the B value
of the feature substance extracted by the feature region sens-
ing unit 14.

The color tone change amount measuring unit 15 extracts a
record having a value closest to the amount of change in color
tone (RGB) of the feature substance extracted by the feature
region sensing unit 14 with respect to the color tone (RGB) of
the feature substance stored in the feature region information
storage unit 13, from the color tone table, and sets the
extracted record as the amount of change in color tone of the
feature substance.

The color tone change amount measuring unit 15 sends
information indicating the position of the feature substance in
the image in real space that is acquired from the feature region
sensing unit 14 as well as information of the amount of
change in color tone of the feature substance to the image
processing unit 18.

The image processing unit 18 performs correction process-
ing on the image of the object based on the predetermined
feature about the image in real space that is extracted by the
image feature extraction unit 12. Specifically, the image pro-
cessing unit 18 performs correction processing on the image
of the object acquired from the virtual object storage unit
based on the amounts of change in color tone of a plurality of
feature substances extracted by the feature region sensing unit
14 and the color tone change amount measuring unit 15. The
image processing unit compares the display position of the
object with the information indicating the position of the
feature substance that is received from the color tone change
amount measuring unit, and determines whether they are
within a predetermined distance. The image processing unit
also compares the amounts of change in color tone of the
feature substances that are received from the color tone
change amount measuring unit, and determines whether the
difference in the amounts of change is smaller than a prede-
termined amount. Referring to FIG. 9 to FIG. 12, examples of
the object correction processing based on the amounts of
change in color tone of a plurality of feature substances are
described.

FIG. 9 is a diagram showing an example of correction
processing on an object V, , in the case where the difference
in the amounts of change in color tone of feature substances
C, and C, is smaller than a predetermined amount. When the
difference in the amounts of change in colortone of a plurality
of feature substances is smaller than a predetermined amount
and the object that is the target of correction processing is
located within a predetermined distance from the plurality of
feature substances, the image processing unit 18 performs
correction of color tone on the object based on the average of
the amounts of change in color tone of the plurality of feature
substances.

The correction of color tone is implemented by generating
a conversion parameter for each value of RGB based on the
average amount of change in color tone represented in the
RGB format and performing predetermined calculation pro-
cessing on the RGB value for each pixel representing the
object with the conversion parameter. A variety of well-
known techniques such as color tone correction processing
and filter processing can be applied in this correction process-
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ing, which is applicable to the examples illustrated below
with reference to FIGS. 7 and 8.

In the example shown in FIG. 9(a), for example, the
amount of change in color tone of the feature substance C,
corresponds to No. 1 in the color tone table shown in FIG. 4,
and the amount of change in color tone of the feature sub-
stance C, corresponds to No. 2 in the color tone table. In this
case, the difference between the amount of change in color
tone of the feature substance C, and the amount of change in
color tone of the feature substance C, is smaller than a pre-
determined amount, so that the image processing unit 18
generates a conversion parameter based on the average of the
amount of change in color tone of the feature substance C,
and the amount of change in color tone of the feature sub-
stance C,. As shown in FIG. 9(5), the image processing unit
18 uses the generated conversion parameter to perform color
tone correction processing on the object V, , to generate the
image of an object V, z with the corrected color tone.

FIG. 10 is a diagram showing an example of correction
processing on an object V, , in the case where the respective
components of color (RGB) in the amounts of change in color
tone of feature substances C; and C, are similar but the gray
scales thereof are different. When the differences of compo-
nents in the amounts of change in color tone of a plurality of
feature substances are similar and smaller than a predeter-
mined amount, and the object that is the target of correction
processing is located within a predetermined distance from
the plurality of feature substances, the image processing unit
18 performs gradation processing on the object based on the
relative position of the object to the plurality of feature sub-
stances. When the components of a plurality of color tones are
similar, the plurality of color tones belong to similar colors
and are different in gray scale. The image processing unit 18
may focus on the values of R, G, and B and, for example, treat
those having the R value of 0% as similar colors, although not
being limited thereto.

In the example shown in FIG. 10(a), it is assumed that, for
example, the amount of change in color tone of the feature
substance C; corresponds to No. 1 in the color table shown in
FIG. 4, and the amount of change in color tone of the feature
substance C, corresponds to No. 4 in the color tone table. In
this case, the components of color in the amount of change in
color tone of the feature substance C; and the amount of
change in color tone of the feature substance C, are similar,
and the amounts of change in color tone of those feature
substances belong to similar colors, so that the image pro-
cessing unit 18 performs gradation processing on the object
V., and generates an object V,z with the corrected color tone
as shown in FIG. 10(5).

Specifically, the image processing unit 18 corrects the
color tone of the portion of the object V,, closest to the
feature substance C; with a first conversion parameter gener-
ated based on the amount of change in color tone of the
feature substance C,, and the image processing unit 18 cor-
rects the color tone of the portion of the object V,, closest to
the feature substance C, with a second conversion parameter
generated based on the amount of change in color tone of the
feature substance C,. The image processing unit 18 then
performs color tone correction processing on a region in the
objectV, , from the portion closest to the feature substance C;
to the portion closest to the feature substance C,, with the
conversion parameter value being gradually changed from
the first conversion parameter value to the second conversion
parameter value in accordance with the distances from the
feature substance C; and the feature substance C,.

FIG. 11 is a diagram showing an example of correction
processing on an object V , in the case where the difference
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in the amounts of change in color tone of feature substances
C, and Cy is greater than a predetermined amount. When the
amounts of change in color tone of feature substances C5 and
C, are significantly different from each other, for example, it
is expected that a plurality of light sources different in color
tone exist in the image in real space. When the difference in
the amounts of change in color tone of a plurality of feature
substances is greater than a predetermined amount, the image
processing unit 18 performs correction of color tone on the
object that is the target of color tone correction, based on the
amount of change in color tone of the feature substance at a
smaller distance from the object.

In the example shown in FIG. 11(a), for example, the
amount of change in color tone of the feature substance Cs
corresponds to No. 1 in the color tone table shown in FIG. 4,
and the amount of change in color tone of the feature sub-
stance C, corresponds to No. 15 in the color tone table. In this
case, the difference between the amount of change in color
tone of the feature substance C and the amount of change in
color tone of the feature substance Cg is greater than a prede-
termined amount, and the position of the object V , is nearer
to the position of the feature substance Cs and is equal to or
smaller than a predetermined distance, so that the image
processing unit 18 generates a conversion parameter based on
the amount of change in color tone of the feature substance
Cs. As shown in FIG. 11(b), the image processing unit 18 then
uses the generated conversion parameter to perform color
tone correction processing on the object V, to generate the
image of an object V5 with the corrected color tone.

FIG. 12 is a diagram showing an example of correction
processing on an object VA in the case where the difference
in the amounts of change in color tone of feature substances
C; and C, is greater than a predetermined amount and the
respective distances of the feature substances C, and Cg from
the object VA are equivalent. In the example shown in FIG.
12(a), similar to the example shown in FIG. 11, for example,
it is expected that a plurality of light sources different in color
tone exist in the image in real space. In this case, as shown in
FIG. 12(b), the image processing unit 18 may divide the
objectV,,, into a first region V .5, closer to the position of the
feature substance C, and a second region V 5, closer to the
position of the feature substance Cg, correct the color tone of
the first region V5, with a conversion parameter generated
based on the amount of change in color tone of the feature
substance C,, and correct the color tone of the second region
V.5, With a conversion parameter generated based on the
amount of change in color tone of the feature substance Cg.

The entire screen feature extraction unit 16 is a unit that
extracts the feature (correction color information) about the
color tone of the entire image in real space, as a correction
color. Specifically, the entire screen feature extraction unit 16
extracts, for example, as the feature about the color tone of the
entire image in real space, for example, a dominant color
component in the entire image, the average color tone of the
entire image, and noise distribution. The entire screen feature
extraction unit 16 sends the extracted correction color to the
image processing unit 18.

Referring to FIG. 13(a), the processing of extracting a
dominant color component by the entire screen feature
extraction unit 16 is described. FIG. 13(a) is a diagram sche-
matically showing a distribution of color tones of an image in
real space. The image shown in FIG. 13(a) is obtained by
dividing the image in real space shown in FIG. 5 into unit
regions having a predetermined size, and setting the value of
the average color tone of pixels included in each region as the
color tone of the region as a whole. In the image shown in
FIG. 13(a), a region R, has a color tone derived from the
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background of the image shown in FIG. 5, a region R, has a
color tone derived from the cloud C, ;, and a region R; has a
color tone derived from the building B,. The entire screen
feature extraction unit 16 analyzes the image in real space
shown in FIG. 13(a), extracts the color tone of the region R
as a dominant color component, and extracts the color tone of
the region R, as a correction color for object correction pro-
cessing. The processing of extracting a dominant color com-
ponent from the image can be performed by well-known
analysis techniques, for example, by dividing the entire image
into unit regions for analyzing the color tones thereof.

As the processing of extracting the average color tone of
the entire image, the entire screen feature extraction unit 16
calculates the average color tone of the entire image in real
space based on the number of pixels in each of the region R,
the region R,, and the region R;, and the RGB values indi-
cating the color tone of the regions, and extracts the calculated
average color tone as a correction color for object correction
processing.

The entire screen feature extraction unit 16 also extracts the
feature about a distribution of noise in the image in real space.
Specifically, the entire screen feature extraction unit 16
detects noise in the image in real space and extracts noise
distribution information including information such as the
density of the detected noise.

Referring to FIG. 14(a), an example of the processing of
extracting the feature about a distribution of noise in the entire
image in real space by the entire screen feature extraction unit
16. FIG. 14(a) is a diagram schematically showing a distri-
bution of noise in an image in real space.

The entire screen feature extraction unit 16 selects one
pixel from the image in real space and, if the value represent-
ing the color of the one pixel differs by at least a predeter-
mined amount from the average value of the values represent-
ing the colors of pixels surrounding the one pixel, determines
the one pixel as noise. In the example shown in FIG. 14(a), the
entire screen feature extraction unit 16 determines pixels P,
P,, P,, and P as noise. The color of the pixel P, differs from
the color in the surrounding thereof but the difference is not
equal to or greater than a predetermined amount, so that the
entire screen feature extraction unit 16 does not determine the
pixel P, as noise. The entire screen feature extraction unit 16
detects noise from the image in real space by such processing
methods as illustrated and extracts the density of the noise as
information about a distribution of noise. The entire screen
feature extraction unit 16 then sends the extracted informa-
tion about a distribution of noise to the image processing unit
18.

The entire screen feature extraction unit 16 sends the
extracted information (correction color information) about
the correction color for object correction processing to the
image processing unit 18.

The image processing unit 18 performs correction process-
ing on the image of the object based on the feature about the
color tone of the entire image in real space that is extracted by
the entire screen feature extraction unit 16. Specifically, the
image processing unit 18 acquires correction color informa-
tion about the correction color extracted from the color tone
of'the entire image in real space, from the entire screen feature
extraction unit 16. The image processing unit 18 generates a
conversion parameter for each value of RGB, for example,
based on the correction color information represented in the
RGB format. The image processing unit 18 then performs
predetermined calculation processing on the RGB value for
each pixel representing the object, with the conversion
parameter. A variety of well-known techniques in color tone
correction processing and filter processing can be applied in
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the generation of a conversion parameter and the calculation
processing with the conversion parameter.

FIG. 13(b) is a diagram showing an example of an overlaid
image in the case where correction processing by the image
processing unit 18 is not performed. As shown in FIG. 13(5),
an object V5, does not reflect the color tone of the entire
image in real space, resulting in an overlaid image that causes
a sense of incongruity. FIG. 13(c¢) is a diagram showing an
example of an overlaid image in the case where the correction
processing with a dominant color component in the entire
image in real space is performed by the image processing unit
18. As shown in FIG. 13(c), the object V3 is subjected to the
correction processing (multiplication processing) with a
dominant color component in the entire image in real space,
thereby reducing a sense of incongruity in the overlaid image.

The image processing unit 18 can further perform correc-
tion processing on the image of the object based on the feature
about a distribution of noise in the image in real space that is
extracted by the entire screen feature extraction unit 16. Spe-
cifically, the image processing unit 18 acquires noise distri-
bution information including information, such as the density
of noise, from the entire screen feature extraction unit 16. The
image processing unit 18 then performs image processing of
adding noise to the object that is the target of correction in
accordance with the acquired noise distribution information.
Noise is represented, for example, by overlaying a white spot
having a predetermined size on the object. This image pro-
cessing causes the object to have noise similar to that in the
entire image in real space.

FIG. 14(b) is a diagram showing an example of an overlaid
image in the case where correction processing is not per-
formed by the image processing unit 18. As shown in FIG.
14(b), the object V5, does not reflect the state of noise occur-
ring in the entire image in real space, resulting in an overlaid
image that causes a sense of incongruity. By contrast, FIG.
14(c) is a diagram showing an example of an overlaid image
in the case where correction processing with the noise distri-
bution information is performed by the image processing unit
18. As shown in FIG. 13(c), the object Vz is subjected to
correction processing of adding noise similar to the noise
occurring in the entire image in real space, thereby reducing
a sense of incongruity in the overlaid image.

The correction with noise distribution information may be
performed together with the color tone correction with a
dominant color component or with the color tone correction
with the average color tone as described above.

As described above, the image processing unit 18 corrects
the color tone of the object based on the correction color
information acquired from the color tone change amount
measuring unit 15 or the entire screen feature extraction unit
16 and sends an overlaid image to the display unit 19. The
overlaid image is thus displayed on the display unit 19.

The processing of an object display method in the object
display device 1 will now be described. F1G. 15to FIG. 17 are
flowcharts showing processing of the object display method.

First, referring to the flowchart in FIG. 15, the object dis-
play device 1 determines whether the image correction func-
tion for a virtual object is set ON (S1). If it is determined that
the image correction function is set ON, the process proce-
dure proceeds to step S2. If it is not determined that the image
correction function is set ON, the process procedure proceeds
to step S9, and correction of the virtual object is not per-
formed.

In step S2, the image capturing unit 11 acquires an image in
real space (S2). The feature region sensing unit 14 of the
image feature extraction unit 12 then attempts to detect a
feature substance from the image in real space (S3) and deter-
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mines whether a feature substance is detected (S4). If it is
determined that a feature substance is detected, the process
procedure proceeds to step S5. If it is not determined that a
feature substance is detected, the process procedure proceeds
to step S10 in the flowchart shown in FIG. 10.

In step S5, the color tone change amount measuring unit 15
of'the image feature extraction unit 12 attempts to extract the
amount of change in color tone of the feature substance
extracted by the feature region sensing unit 14 by referring to
the feature region information storage unit 13 and determines
whether there is a change in the color tone of the feature
substance (S5). If it is determined that there is a change in
color tone of the feature substance, the process procedure
proceeds to step S6. If it is not determined that there is a
change in color tone of the feature substance, the process
procedure proceeds to step S9, and correction of the virtual
object is not performed.

In step S6, the image feature extraction unit 12 determines
whether there are a plurality of feature substances from which
a change in color tone is detected (S6). If it is determined that
there are a plurality of feature substances, the process proce-
dure proceeds to step S7. If it is not determined that there are
a plurality of feature substances, the process procedure pro-
ceeds to step S8.

In step S7, the image processing unit 18 performs correc-
tion processing on the image of the object acquired from the
virtual object storage unit 17 based on the amounts of change
in color tone of a plurality of feature substances (S7). In step
S8, the image processing unit 18 performs correction process-
ing on the image of the object acquired from the virtual object
storage unit 17 based on the amount of change in color tone of
one feature substance (S8). In step S9, the image processing
unit 18 does not perform correction processing on the object.

Referring now to FIG. 16, the processing in the case where
it is not determined that a feature substance is detected in step
S4 is described. In step S10, the entire screen feature extrac-
tion unit 16 of the image feature extraction unit 12 attempts to
extract a feature about an image from the entire image in real
space (S10). The feature extracted here includes a feature
about the color tone of the entire image in real space and a
feature about a distribution of noise. If a feature is extracted
from the entire image in real space (S11), the process proce-
dure proceeds to step S12. Ifa feature is not extracted from the
entire image in real space, the process procedure proceeds to
step S13, and correction of the virtual object is not performed.

In step S12, the image processing unit 18 performs correc-
tion on the image of the object based on the feature of the
entire image in real space that is extracted by the entire screen
feature extraction unit 16 (S12). The correction processing in
step S12 includes correction based on the color tone such as a
dominant color component in the entire image or the average
color tone of the entire image, and correction based on the
noise distribution in the entire image. Both of the correction
based on the color tone and the correction based on the noise
distribution may be performed.

Referring now to FIG. 17, the processing in step S7 in FIG.
15 is described in details. First, the image processing unit 18
compares the amounts of change in color tone of a plurality of
feature substances (S14) and determines whether the difter-
ence in the amounts of change is greater than a predetermined
amount (S15). If it is determined that the difference in the
amounts of change is greater than a predetermined amount,
the process procedure proceeds to step S16. If it is not deter-
mined that the difference in the amounts of change is greater
than a predetermined amount, the process procedure pro-
ceeds to step S19.
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In step S16, the image processing unit 18 determines
whether the position of the object is within a predetermined
distance from the feature substances (S16). Ifit is determined
that the position of the object is within a predetermined dis-
tance from the feature substances, the process procedure pro-
ceeds to step S17. If it is not determined that the position of
the object is within a predetermined distance from the feature
substances, the process procedure proceeds to step S18.

In step S17, the image processing unit 18 performs correc-
tion of color tone on the object that is the target of color
correction, based on the amount of change in color tone of one
of'the feature substances located nearer to the object (S17). In
step S18, the image processing unit 18 divides the object into
a first region and a second region closer to the respective
feature substances and corrects the color tone for each region
based on the amount of change in color tone of the feature
substance located near to that region (S18).

In step S19, the image processing unit 18 determines
whether the position of the object is within a predetermined
distance from the feature substances (S19). Ifit is determined
that the position of the object is within a predetermined dis-
tance from the feature substances, the process procedure pro-
ceeds to step S20. If it is not determined that the position of
the object is within a predetermined distance from the feature
substances, the process procedure proceeds to step S21.

In step S20, the image processing unit 18 performs grada-
tion processing on the object based on the amount of change
in color tone of each feature substance (S20). In step S21, the
image processing unit 18 performs correction of color tone on
the object based on the average of the amounts of change in
color tone of a plurality of feature substances (S21).

The image processing unit 18 then generates an overlaid
image in which the object is overlaid on the image in real
space through the process procedure in steps S7 to S9, S12 to
S13, S17 to S18, and S20 to S21. The display unit 19 displays
the overlaid image generated by the image processing unit 18.

In the present embodiment, the image feature extraction
unit 12 has the feature region sensing unit 14 and the color
tone change amount measuring unit 15 for acquiring the
amounts of change in color tone of a plurality of feature
substances (feature regions), and the entire screen feature
extraction unit 16 for extracting the feature of the entire image
in real space. However, the image feature extraction unit 12
may include either the feature region sensing unit 14 and the
color tone change amount measuring unit 15 or the entire
screen feature extraction unit 16. In other words, the image
processing unit 18 may perform correction processing on an
image of an object based on either the amounts of change in
color tone of a plurality of feature substances or the feature of
the entire image in real space.

FIG. 18 is a flowchart showing processing of performing
correction processing on an image of an object based on the
amounts of change in color tone of a plurality of feature
substances. The processing in step S31 to S33 is similar to the
processing in S1 to S3 in the flowchart in FIG. 15. In the
following step S34, the feature region sensing unit 14 deter-
mines whether a feature substance is detected (S34). If it is
determined that a feature substance is detected, the process
procedure proceeds to step S35, and the image processing
unit 18 performs correction processing on the object based on
the amounts of change in color tone of a plurality of feature
substances in the processing in steps S35 to S39 similar to
steps S5 to S9.

Ifitis not determined that a feature substance is detected in
step S34, the process procedure proceeds to step S39, and the
correction processing on the virtual object is not performed.
In the processing described using the flowchart in FIG. 18, the
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object display device 1 has information about the color tone
of'a feature substance and corrects the color tone of the object
based on a change in color tone of such a feature substance,
thereby easily performing correction processing.

FIG. 19 is a flowchart showing processing of performing
correction processing on an image of an object based on the
feature of the entire image in real space. First, the object
display device 1 determines whether the image correction
function for a virtual objectis set ON (S41). Ifit is determined
that the image correction function is set ON, the process
procedure proceeds to step S42. If it is not determined that the
image correction function is set ON, the process procedure
proceeds to step S46, and correction of the virtual object is not
performed.

In step S42, the image capturing unit 11 acquires an image
in real space (S42). The entire screen feature extraction unit
16 of the image feature extraction unit 12 then attempts to
extract a feature about an image from the entire image in real
space (S43). The feature extracted here includes a feature
about the color tone of the entire image in real space and a
feature about a distribution of noise. If a feature is extracted
from the entire image in real space, the process procedure
proceeds to step S45 (S44).

If a feature is not extracted from the entire image in real
space (S44), the process procedure proceeds to step S46, and
correction of the virtual object is not performed. In step S45,
the image processing unit 18 performs correction processing
on the image of the object based on the feature of the entire
image in real space that is extracted by the entire screen
feature extraction unit 16 (S45). In the processing described
with reference to the flowchart in FIG. 19, the object display
device 1 performs correction processing on the object based
on, for example, the color tone of the entire image in real
space, thereby reducing a sense of incongruity in the overlaid
image.

An object display program that allows a computer to func-
tion as the object display device 1 in the present embodiment
will now be described. FIG. 20 is a diagram showing a con-
figuration of the object display program 1m corresponding to
the object display device 1 shown in FIG. 1.

The object display program 1m is configured to include a
main module 10m centrally controlling the object display
process, an image capturing module 11, an image feature
extraction module 12m, a feature region information storage
module 13m, a virtual object storage module 17m, an image
processing module 18m, a display module 19m, and a color
tone data storage module 20m. The image feature extraction
module 12m includes a feature region sensing module 14m, a
color tone change amount measuring module 15m, and an
entire screen feature extraction module 16m. The modules
10m to 20m implement the respective functions for the func-
tional units 11 to 20 in the object display device 1. The object
display program 1m may be transmitted through a transmis-
sion medium such as a communication line or may be stored
in a program storage region 17 of a recording medium 1d as
shown in FIG. 11.

In the object display device 1, the object display method,
and the object display program 1m in the present embodi-
ment, a predetermined feature about an image is extracted
from a plurality of feature substances or the entire image in
real space by the image feature extraction unit 12 from the
image in real space acquired by the image capturing unit 11.
The image of the object is then subjected to correction pro-
cessing based on the feature about the image, so that the
feature of the image in real space is appropriately reflected in
the image of the object. This reduces a sense of incongruity
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about the image of the object in the overlaid image in which
the object is overlaid and displayed on the image in real space.

The present invention has been described in details above
based on an embodiment thereof. However, the present inven-
tion is not limited to the foregoing embodiment. The present
invention is susceptible to various modifications in a range
that does not deviate from the spirit of the invention.

INDUSTRIAL APPLICABILITY

The present embodiment can reduce, in AR technology, a
sense of incongruity about an image of an object in an over-
laid image in which the object is overlaid and displayed on an
image in real space.

REFERENCE SIGNS LIST

1 ... object display device, 1d . . . recording medium,
1m . ..objectdisplay program, 17. .. program storage region,
10 . . . main module, 11 . . . image capturing unit, 11m . . .
image capturing module, 12 . . . image feature extraction unit,
12m . .. image feature extraction module, 13 . . . feature region
information storage unit, 13 . . . feature region information
storage module, 14 . . . feature region sensing unit, 14m . . .
feature region sensing module, 15 . . . color tone change
amount measuring unit, 15m . . . color tone change amount
measuring module, 16 . . . entire screen feature extraction
unit, 16m . . . entire screen feature extraction module, 17 . . .
virtual object storage unit, 17m . . . virtual object storage

module, 18 . . . image processing unit, 18 . . . image pro-
cessing module, 19 . . . display unit, 19 . . . display module,
20 . . . color tone data storage unit, 20m . . . color tone data

storage module.

The invention claimed is:
1. An object display device overlaying and displaying an
object on an image in real space, the object display device
comprising:
circuitry configured to
acquire an image in real space;
extract a noise distribution feature from the entire image in
real space, the noise distribution being computed based
on a comparison of a feature of a pixel in the entire image
to a feature of a second pixel that is a neighbor of the
pixel in the entire image;
perform correction processing on an image of the object
based on the extracted noise distribution feature; and

display an overlaid image in which the image of the object
subjected to correction processing is overlaid on the
image in real space.

2. The object display device according to claim 1, wherein
the circuitry is further configured to perform correction pro-
cessing on the image of the object based on an overlay posi-
tion of the object in the image in real space.

3. The object display device according to claim 2, wherein
the circuitry is further configured to perform correction pro-
cessing on the image of the object by adjusting a color tone of
the image of the object based on a gradation mechanism, the
gradation mechanism being dependent on a gray scale of the
entire image and the overlay position of the object in the
image in real space.

4. The object display device according to claim 1, wherein
the circuitry is further configured to

extract a feature about a color tone of the entire image in

real space, and

perform correction processing based on the extracted color

tone of the entire image in real space.
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5. The object display device according to claim 1, wherein
the circuitry is configured to compute the noise distribution
based on a comparison of the feature of the pixel in the entire
image to feature of pixels that are neighbors of the pixel in the
entire image.

6. The object display device according to claim 5, wherein
the circuitry is further configured to compute the noise dis-
tribution based on a comparison of a color tone of the pixel in
the entire image to an average color tone of the pixels that are
neighbors of the pixel in the entire image.

7. The object display device of according to claim 6,
wherein the circuitry is further configured to determine the
pixel in the entire image as a noise pixel based on the color
tone of the pixel differing from the average color tone of the
neighboring pixels by a predetermined amount.

8. An object display method performed in an object display
device that overlays and displays an object on an image in real
space, the object display method comprising:

acquiring an image in real space;

extracting by circuitry, a noise distribution feature from the

entire image in real space, the noise distribution being
computed based on a comparison of a feature of a pixel
in the entire image to a feature of a second pixel that is a
neighbor of the pixel in the entire image;
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performing correction processing on an image of the object
based on the extracted noise distribution feature; and

displaying an overlaid image in which the image of the
object subjected to correction processing is overlaid on
the image in real space.
9. A non-transitory computer readable medium having
stored thereon a program that, when executed by a computer,
causes the computer to perform a method of overlaying and
displaying an object on an image in real space, the method
comprising:
acquiring an image in real space;
extracting a noise distribution feature from the entire image
in real space, the noise distribution being computed
based on a comparison ofa feature of a pixel in the entire
image to a feature of a second pixel that is a neighbor of
the pixel in the entire image;
performing correction processing on an image of the object
based on the extracted noise distribution feature; and

displaying an overlaid image in which the image of the
object subjected to correction processing is overlaid on
the image in real space.
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